Introduction
Ecuador is located between 1°N and 5°S on the west coast of South America. Although relatively small in size, mainland Ecuador can be subdivided nevertheless into three different and quite distinctive climatic regions: the Pacific coastal plain, the Andean highlands and the Amazon basin. In addition, Ecuador possesses a fourth region, namely the Galapagos Islands.
Climatically, the Pacific coastal plain is hot all year, with a rainy season between December and May. In the Andean highlands, the climate is markedly cooler, varying according to altitude. In contrast, the Amazon basin is hot, humid and wet all year round, while the Galapagos Islands are dry, with an annual average temperature of 25° C (77° F).
These characteristics provide Ecuador with a huge potential to develop second generation ethanol from industrial biomass, to replace a portion of the gasoline needed and, thus, the reduction of CO2 emissions. The climatic conditions as well as the photoperiods and rainfall along the year make this country an excellent candidate to develop second generation biofuels technology from biomass.
Tropical cultures such as bananas, oil palm, sugar cane, and others that are produced mainly in the coastal region of the country generates each year enough cellulose to produce almost all the ethanol the country needs. The current situation in terms of the use of these lignocellulosic materials is still in its very beginning and much work is to be developed to establish a market for the lignocellulosic residues.
Additionally, microbial biodiversity and its research is becoming one important issue in terms of the development of innovative technologies based on biotechnology, pointing out the search for novel genes and metabolic abilities especially in wild yeasts studied in natural environments all around the country. Local researchers are devoted to the metabolic engineering of yeasts to improve the fermentation yields.
In this chapter we report some results from the or Sustainable Resources for Ethanol (RESETA) project, from the quantification and characterization of the most important cultures in Ecuador, its residues and characteristics, to the development of genetic engineered yeasts and the design and construction of a biorefinery at pilot scale.
The above mentioned project involves one of the most important researches the Ecuadorian Government has founded since 2008. The advances and results of this project can be taken as models for other tropical countries in the world.
Finally, we present the economic viability analysis of second generation ethanol projects in large scale in Ecuador, looking forward the industrial production of ethanol, biogas, biofertilizers and renewable chemicals in biorefineries in Ecuador.
abundant in nature has developed certain enzymes groups that allow them to decompose the glycosidic links and use the released glucose contained in cellulose. Thus, cellulose is recycled very efficiently in nature, sustaining the carbon equilibrium in biosphere, which relies fundamentally in anabolic and catabolic cycles of cellulose, where microbes play a main role.
Cellulose is formed during photosynthesis, where CO2 and the energy from the sun are taken by plant cells, where this transformation takes place. Cellulose naturally is a structural molecule synthesized by plants to allow them to grow. Glucose is also a fuel molecule in as much as the bonds are in the α configuration, thus forming fuel reserve molecules such as amylose and amylopectin, both molecules components of starch. Cellulose recycling in nature is in the order of 10 15 kg per year [1] . This number is so high that we could make enough fuel ethanol to supply 100 times the energy requirements of the entire world in a rampant development scenario projection for 2035 [2] . In other words, we may probably need "only" 1 per cent of the cellulose synthesized by plants in one year, so we can have enough liquid fuel to run our vehicles and industries. In this calculation, it is not taken into account the biogas (to run power plants) and biofertilizers (to return minerals to soil) production if all the ethanol from cellulose were produced within biorefineries. If humankind had the technology, cultural and economic conditions to efficiently pick this cellulose up, we may probably reach the sustainable and clean environmental goals for future. Nevertheless, this utopia is not yet possible in current historical conditions, so we need to focus on much less ambitious objectives, such as the recovery and technological transformation of agricultural feedstocks and industrial leftovers. Figure 1 shows the crude oil we'll need in 2035. The amount is very impressive, that is 110 million barrels crude per day to keep running our industrial and mobilization needs.
Before the worldwide petroleum reserves are depleted, humankind must change the energetic matrix based on oil and look for sustainable and clean sources to produce fuels. An analysis made by Bruce Dale from the Department of Chemical Engineering and Materials Science at Michigan State University (USA), show a clear disadvantage in terms of energy input of gasoline production compared to first and second generation ethanol (Table  1) . In this scenario, the issues are not necessarily lying on the economic or technical feasibility of the conversion processes, but in political and ethical issues. Table 1 . Energy Inputs of various energy carriers in MJ per MJ of fuel produced and Greenhouse Gas (GHG). Outputs in kg of carbon dioxide equivalents per MJ fuel produced for various fuels. * Credit for coal not consumed due to process residues being burned to provide heat [3] The energy input to produce gasoline is 0.19 times higher than the energy harvested; the GHG emission are the highest (94 kg/MJ). The cellulosic ethanol case exhibits a much higher energy output than the energy required to produce it. Moreover, GHG emissions are much lower than gasoline case (11 kg/MJ). In the case of corn ethanol the energy balance is still positive even though the margin remains narrow.
Is there enough biomass to replace oil?
There is a tendency to believe that there is no enough biomass in the world to replace fossil fuels that nowadays fulfill our energetic necessities. Taking into account that in the planet every year about 10 15 kg of cellulose are naturally recycled, we can do a simple calculation to better understand the real potential of biomass in a hypothetical scenario where we can transform this cellulose material into second generation ethanol.
That huge amount of cellulose is understood that is produced in forests, seas, rivers and crops all around the planet. In this calculation it is not considered the economic feasibility of getting that cellulose; nevertheless it can illuminate a possible future scenario.
In Table 2 it is shown a calculation of the crude necessities for 2035
Talking in terms of volume may allow us to understand the ethanol potential production from cellulose, but it does not explain the energetic issues concerning to both energy carriers when being compared. Ethanol is a fuel that possesses less calorific energy per kilogram than crude oil. If we want to calculate the amount of cellulosic fuel ethanol needed to replace oil it is necessary to take a look at the equivalences. In Table 2 , it is important to notice that the calculation intends to show that in nature there is enough cellulose to fulfill the necessities of energy to replace oil (at least in theory), but not the energy contained in both fuels; the cellulosic ethanol production from such a huge amount of cellulose may overwhelm in two orders of magnitude the figure of the crude oil requirements by 2035.
As a resulting corollary of this analysis, it is possible to infer that the need of cellulose produced naturally on Earth in order to replace crude oil may be only 1% of its total weight. However, it still represents an immense amount of cellulose to be collected and technologically processed in an efficient and financially feasible way (i.e. ~10 billion MT of pure cellulose/year).
In this scenario, the easiest and more efficient way to start producing second generation ethanol is by utilizing the residual lignocellulosic feedstocks such as by-products from agriculture or industrial activities.
In this analysis, we have taken into account only cellulose-a glucose polymer-to be converted into fuel ethanol by alcoholic fermentation. Nonetheless, most of cellulose in nature is associated with hemicellulose and lignin. Hemicellulose is mainly composed by pentoses such as xylose and arabinose, while lignin is composed mainly by aromatic compounds.
Availability of residual biomass in Ecuador
Ecuador is a biodiverse country with rich and fertile natural regions. In the coastal zone of Ecuador there is the large scale agriculture of a wide variety of crops which have positioned this country as one of the most important producers of bananas, palmito (palm heart), oil palm and other valuable products in South America. Moreover, Ecuador has unique vegetal species that are being exploited in small scale, presenting novel and potential sources of lignocellulose for the future.
In terms of abundance of lignocellulosic residues, the most conspicuous industries producing leftovers-as a consequence of the harvest or the extraction of valuable commodities-are the bananas farms, and the oil palm and sugar cane mills. There are still other important industries located mainly in the highlands such as flowers and cereals that produce lignocellulosic material potentially usable. Nevertheless, the amounts of these residues are not enough for huge biorefining installations, nor even available in an economical and technical way.
As for the availability of residues, studies carried out by researchers from the Neotropical Center for the Biomass Research at the Pontificia Universidad Católica del Ecuador, reveal that there is a very high potential for lignocellulosic ethanol and biorefineries setting up in Ecuador. Nevertheless, there still exist constraints due to the disperse areas where the agricultural and industrial lignocellulosic materials are disposed; the local roads infrastructure and networks; the lack of development of markets for certain specific residues; the traditional uses and ways of final disposal; the physical and chemical composition of residues; and, the prices per dry ton. There are also social and environmental components to be taken into account when projecting lignocellulosic biorefineries to take the most of the agricultural and industrial byproducts, leftovers or residual material. In our survey we have considered the above-mentioned factors to develop the feasibility study for a biorefinery based on local lignocellulosic residues in the country.
In this survey we have pursued the following general objectives:
1. Evaluate the abundance and the potential of the main crops produced in Ecuador. 2. Determine the utilization, destiny, and availability of the agricultural residues. 3. Estimate the evolution of the agricultural production and residues generation in 5 years (until 2014).
Moreover, we have focused the following specific goals:
1. Determine the main crops in Ecuador, its exact geographical location, and the quantity of biomass residues produced per year. 2. Establish the temporality of crops and harvest. 3. Take current and historical data on volume of waste biomass produced to project future volumes, considering a period of five years. Analyze the succession of crops 4. Determine on the basis of the previous information, the more adequate zones where to install a future biorefinery plant.
In Ecuador there are three crops that worth to be studied with biorefining ends, because of their characteristics in terms of composition, final disposal, abundance and lack of sustainable use. These crops are: bananas, sugar cane and oil palm. Table 3 shows the complete results of our survey on 13 different crops in Ecuador, the calculation of its dry mass and cellulose average contents as well as the potential for ethanol production. As it is going to be seen, Ecuador potentially could provide at least half of the ethanol needs for replacing gasoline in vehicles if the cellulose contained in agricultural residues were transformed into ethanol.
This suggests that biorefinery plants can be a reasonable and sustainable option for the post oil economy in Ecuador. Moreover, there still exists a huge potential for power generation if biogas from stills and residual lignin are burned in biorefineries.
There still exist other valuable products from biorefining of second generation ethanol such that can be produced from the residual water generated after distillation which, after an anaerobic digestion process, yields biogas, liquid and solid fertilizers (sludge). The nonhydrolyzed fibers as well as yeast biomass obtained after fermentation can be dried and sold as animal feed solid matter. The solid matter that can be recovered from fermenters before distillation is really considerable. Moreover, carbon dioxide from fermentation can be collected and treated to be sold in as much as during the fermentation for ethanol production, almost the same amount of CO2 is released. Theoretically, the production ratio of ethanol to CO2 in fermentation is 92:88. The uses for this gas are very wide including food, drink and chemical industries. CO2 is widely used in soft drinks and beer to carbonation of these beverages. It is also used to fill packs of vegetables and meet to keep it fresh. CO2 can also be used as raw material for the synthesis of methanol, formic acid, and urea. Other applications of CO2 include its use as a medium in supercritical CO2 extraction and in fire extinguishing equipment [4] . Table 3 . The hypothetical potential of lignocellulosic biomass in Ecuador to produce cellulosic ethanol 5. Second generation ethanol from residual feed stocks generated in industrial activities
Xylose fermenting yeast in natural environments of Ecuador
Lignocellulosic biomass is composed by mainly three different fractions of molecules: cellulose, hemicellulose and lignin. We have already talked about some applications for cellulose and lignin, mainly as ethanol and fuel biomass. Nevertheless, hemicellulose which is mainly composed of xylose, a five carbon sugar, is a very important and abundant source that accounts for 23% to 32% of the dry lignocellulosic biomass weight. This sugar can also be used for the production of ethanol as well as other valuable products.
As part of a survey in biodiversity in Ecuador, the CLQCA or Catholic University Yeast Collection has collected some isolates of yeast that exhibit fermentation skills when xylose and a Nitrogen base are mixed up in culture broths.
Xylose fermenting yeasts have been collected from different provinces of Ecuador, including the Galapagos Islands and the Amazonia. Nevertheless, none of these yeast isolates present high ethanol tolerance nor quick fermentation rates, which make these organisms not suitable for industrial processes. It can probably discourage someone to study natural occurring xylose fermenting yeasts, nonetheless, the genes involved in this physiological processes are still useful for metabolic engineering approaches. As seen on table 4, only two strains of Schffersomyces (Pichia) stipitis are positive to ferment xylose. This yeast species has been reported to ferment xylose as will be seen further in this chapter.
ISOLATE
In terms of ethanol production, there have been a lot of different approaches; in the last times the metabolic engineering of Saccharomyces cerevisiae was regarded as a suitable solution to ferment xylose, arabinose and other non-conventional sugars.
One example of this line of research is to be shown in the following scheme, where there are three different genes in charge of the transport, isomerization and phosphorylation in the process to ferment xylose. This construct has been designed at the Neotropical Center for the Biomass Research as part of the RESETA project. This genetic tool is very versatile and has been thought to be used as a genetic platform where to assay a wide variety of genes. The design of this construct was made by Carvajal et al. in 2011. This genetic construction is being tested in laboratory conditions, integrated in industrial Saccharomyces cerevisiae. This first step forward to the metabolic engineering is expected to give new perspectives to the residual biomass transformation into valuable products in the context of biorefineries in Ecuador and worldwide.
Xylose to Xylitol fermentation
Xylose to ethanol conversion in nature is been done by a few organisms such as yeasts like Scheffersomyces stipitis, an ascomycetous yeast that has been extensively investigated for the fermentation of xylose to ethanol, L-lactic acid for its further polymerization into PLA (Poliy Lactic Acid) and other products from hemicellulose, the second abundant component of cellulosic biomass [5, 6, 7] . Laboratory strains of Schef. stipitis, which are amenable to genetic and physiological manipulation, have been developed by metabolic engineering for xylose utilization [5, 7, 8] . The genome sequence was recently obtained for this yeast and will provide a valuable resource for enhancement of xylose utilization and other industrial attributes by Schef. stipites [8] . Genes from Schef. stipitis have also been introduced into Saccharomyces cerevisiae to enable fermentation of pentoses [5, 7, 8] .
Agro-industrial residues for xylitol production
Xylitol is a five-carbon sugar alcohol of high value added as a sweetener for high power, anticariogenic properties and insulin metabolism independent that guarantee its application in food and pharmaceutical industries. The power as a sweetener is similar to sucrose, and higher than ordinary polyols in addition to reduce caloric value, can be tolerated by diabetics. It is an anticariogenic and cariostatic compound that is not metabolized by microorganisms of the oral microbiota; thus, it is used in the manufactures of sweets. Can be used clinically for the prevention of otitis media because it inhibits the growth and adhesion of Pneumococcus spp and Haemophilus influenzae in nasopharynx cells, and it has skin smoothing properties [9, 10, 11, 12, 13, 14] . Owing to all these characteristics, xylitol is a feedstock of particular interest to the food, odontological and pharmaceutical industries.
Xylose is a sugar widely distributed in nature. Plants and fruits contain relatively low concentration, and extraction from natural sources is usually not profitable [10] . Nowadays, xylitol is derived industrially via a chemical process from hydrolyzates of lignocellulosic wastes by either chemical reduction or microbial fermentation [9] . However, due to a requirement for several chemical purification steps, such a process is very expensive. Therefore, this conversion could be alternatively performed by bacteria, filamentous fungi, yeasts or purified enzymes from these microorganisms which are capable of reducing xylose to xylitol as a first step in D-xylose metabolism [15] . Nevertheless, to make this process exploitable and economical at an industrial level, the bioconversion must be rapid, offer high yield, employ an alternative and cheap culture media and allow for results comparable to those of the present technology.
Lignocelluloses are the most abundant organic mass in the biosphere, which accounts for approximately 50% of the biomass. In nature the annual production of biomass is estimated to 10 to 50 × 10 9 tons [16] Their major components, cellulose, hemicellulose and lignin, vary with plant species. The pentose fraction, composed of D-xylose (usually not less than 95%) and L-arabinose is much higher in hardwoods (19 to 33%) than in softwoods (10 to 12%) [17] Hemicellulose is a branched polymer, which is composed of both linear and branched heteropolymers of D-xylose, L-arabinose, D-mannose, D-glucose, D-galactose and Dglucuronic acid with a high content of xylans, that consist essentially in β-1,4 links with branching variables; due to it heterogeneous structure and low degree of polymerization, it is easily hydrolyzed to xylose [15, 16] . Xylan accounts for 11-35% (dry weight basis) of lignocellulosic materials such as hardwoods and agricultural residues, such as sugarcane bagasse [14, 18] , rice straw [19] , and soy hulls [20, 21] which are xylan-rich substrates and have been satisfactorily used as alternative media for xylitol production through different treatments [22] and cultivation conditions [23] , aimed at increasing process yield and productivity.
D-xilose, also can be converted into a range of substances of industrial interest such as fuels and solvents (ethanol, butanol, 2,3-butanediol, acetone and 2-propanol), alditols (xylitol and glycerol) and organic acids (latic, acetic and butyric acid). It can also be used as a substrate for production of glucose isomerase [14] .
For this process of xylitol production, pure xylose is necessary. The process starts with the production of xylose from xylan after acid-catalysed hydrolysis from hard-wood; however, the chemical process requires several purification steps, because only pure xylose can be used for chemical reduction. Therefore, overall xylitol yield is relatively low (50 -60 %) from the total xylan content of the wood hemicelluloses [24, 11, 15] .
Furthermore, the choice of cultivation and/or conversion system is another crucial point for the success of this bioprocess. Different bench-scale cultivation systems were investigated, utilizing batch, fed-batch and continuous processes [15] . Another important factors which affect the xylitol production is the quantity of inocula, substrate, media, temperature, pH and aeration [17, 25] On the other hand, the biotechnological procedures are based on the utilization of microorganisms and/or enzymes. These procedures are interesting because they do not require a pure xylose solution as is the case when xylitol is produced by the chemical pathway. The bioconversion process would hold more promises of both hexoses and pentose sugars from lignocellulosic materials. The promising yeast species include the generous Candida, Pichia, Debaryomyces and Pachysolen [9, 26, 14, 16] by NADPH-dependent xylose reductase, enzyme which can ferment hemicelluloses hydrolysate from woody plant materials ( Figure 3 ). The first step in the metabolism of D-xylose is the transport of the sugar across the cell membrane. Once inside the yeast cell, D-xylose is reduced to xylitol by either NADH-or NADPH-dependent xylose reductase. Xylitol is either secreted from the cell or oxidized to xylulose by NAD-or NADP-dependent xylitol dehydrogenase. The first two reactions are considered to be limiting in D-xylose fermentation. The phosphorylation of xylulose to xylulose 5-phosphate is catalyzed by xylulokinase, which is a prerequisite for its utilization by the central catabolic pathways [23, 17, 16] .
In most studies on xylitol production by fermentative processes, xylose of analytical grade is commonly the major substrate. The main problem in the fermentation of these hydrolysates is the presence of toxic compounds released from the lignocellulosic structure during the hydrolytic process, as well as those originated from the sugar degradation, which inhibit the microbial growth and the fermentative activity of the yeasts. In this way, several approaches have been assayed to minimize this effect. According to Silva et al, 1998 the maximum xylitol production (54 g/L) occurs when the hydrolysate is first treated with CaO until reaching pH 8.4 and then treated with H3PO4 until the pH decreases to 6.0. Thus, pH is an important factor to take into account for the xylitol fermentation. Its effect is related to the acetic acid concentration in the hydrolysate, which concentration, if it is higher than 3.0 g/L, can inhibit the yeasts capability to convert xylose into xylitol [27] . Nonionized acetic acid, which is found in the medium at pH < 7.0, has been found to be the main inhibitor compound in yeast metabolism [28] The hemmicellulosic hydrolysates from agroforest residues can be efficiently utilized in fermentative processes for xylitol production after an initial treatment designed to remove or reduce the compounds known to be toxic to cell metabolism. This technology is still in its research and development stage, but the results attained points that it may be feasible to
The biorefinery concept from the perspective of RESETA project
The RESETA project has focused a basic model of biorefinery for producing up to 45,000 liters ethanol/year; 450.000 liters fertilizer. This concept includes the production of ethanol, biogas, biodiesel, fertilizers and animal food (Figure 4 ). The whole plant is installed in an area of 1,200 m 2 . This biorefinery is also able to produce first and second generation ethanol from sugar, starch or cellulose containing feedstocks. From that point of view, the biorefinery concept can be applied not only to large scale, but also in mid and small scale production. In Ecuador, there are communities that produce a wide variety of residues that can be utilized. The biorefinery concept is applicable to promote a sustainable economy in vulnerable and underdeveloped zones.
An important achievement of this R&D project was the development of local technology in order to reduce the dependence of foreign technicians. The RESETA project biorefinery is completely automated which permits the operators scoring historical data of the trials performed during experimentation. Researchers and engineers are working together in the optimization of processes and designs. The resulting ideas and philosophy are being of great value looking forward the future technological independence in these strategic issues for Ecuador.
Economical and financing analysis on a hypothetical biorefinery in Ecuador
Ecuadorian National Planning and Development Department, has determined a new energetic matrix where it is established the use of 5% ethanol in regular gasoline to be used in vehicles until 2020 in the whole country [29] .
To accomplish this endeavor, in 2010 Ecuador's fuel ethanol needs were 32'187,903 gallons; nonetheless, the ethanol production reached was just 1'195,427 gallons [30] . This is, only 3.71% of the national requirements were fulfilled, which demonstrates that there exists a huge unsatisfied demand of fuel ethanol, representing an interesting market for ethanol producers as seen on Figure 5 . Figure 5 . In Ecuador, only 3.71% of the demand of ethanol was satisfied in 2010 [30] The price of ethanol per liter has been fixed in 0.76 Dollars by the Ecuadorian Government. This is a very competitive price that the sugar mills are interested in producing this 
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renewable fuel using molasses as feedstock; molasses are byproducts rich in sugars that represent a valuable source of energy in animal husbandry.
The RESETA Project (the acronym of Sustainable Sources for Ethanol) studies the second generation ethanol production from lignocellulosic materials as well as leftovers and industrial effluents. One of the objectives of such project is the development of a financial model based on a baseline survey on lignocellulosic materials in Ecuador [31] . By means of the data obtained in such survey, it was possible to determine that there are three candidate raw materials taken into account its amount, localization and availability. The sources are banana stems, sugar cane bagasse and empty fruit bunches form oil palm.
Laboratory analysis demonstrated that the high level of moisture in banana stems, as well as the final disposition of the biomass, which is very dispersed in the field, makes its use an unfeasible task in terms of economy. On the other hand, sugar cane bagasse is already been used by sugar cane mills to generate power, thus, just a few biomass of this kind is really available. Finally, empty fruit bunch from oil palms present good characteristics for being used as feedstock in an industrial scale biorefinery. Empty fruit bunches account for about 45% cellulose dry weigh; which is enough to provide the raw material to run about 22% gasoline cars in Ecuador (Table 1) .
One of the key factors influencing the feasibility studies to install a biorefinery is the price of the raw materials. Currently, the lignocellulosic residues represent a big environmental problem in Ecuador as well as an unsolved trouble to farmers and industries. One of the most common fates for lignocellulosics is the composting or decomposition on soil to provide organic matter for cultures and as mulch in a number of crops. The uncontrolled decomposition generates lixiviates, as well as greenhouse gases that finally are disposed in the subsoil and the atmosphere [31] . It is necessary to provoke a change in the current situation that makes a real shift in terms of the use of the lignocellulosics. One strategy proposed by the RESETA project is pushing to the creation of a market for the lignocellulosics in sustainable and fair conditions for the owners of the biomass as well as for the biorefinery project to be successful. The establishment of companies where the owners of the biomass can participate as shareholders is one of the strategies proposed by our study.
In these terms, we have designed a financial analysis based on the data obtained by laboratory and field surveys. The factors taken into account were:
a. The implementation zone would be in La Concordia town (Latitude -0.000017°; Longitude -79,383563°), which is located in a strategic point for its big oil palm production and oil mill concentration. b. The raw material in terms of empty fruit bunch is about 640 MT per day. c. Enzymes, chemicals, yeasts, are calculated in 0.62 Dollars/Gal of ethanol. d. Other costs are about 0.45 Dollars/Gal, as it is detailed in Table 5 . Additionally, it has been established an income per by products commercialization. These by products are represented by liquid and solid fertilizers. e. Another issue to be taken into account is the energy savings by means of the use of power co-generated using biogas from the biorefinery's processes. Table 5 . Detailed costs of raw material and other inputs for ethanol production from empty fruit bunch palm in Ecuador.
COSTS OF RAW MATERIAL
A similar European project (i.e. PERESEO project from Spain) establishes that the cost for the construction of a biorefinery plant for 500 MT of biomass per day is about 12 to 15 million Euros. In terms of the RESETA project, we may need to process about 640 MT/day. The criteria for building up a biorefinery are to consider a future growth, so the capacity must be overestimated in about 30% [32] . Then, the investments may overcome in about 1.6 times those of the European PERSEO project. In terms of Dollars, the total investment is among 24.96 to 31.2 million Dollars. We will use the highest number for our calculations.
It has been determined the cost per liter ethanol from lignocellulosics from empty fruit bunch of oil palm in 0,49 Dollars, which is shown in Table 6 . In this calculation it has been taken into account a 1% growth in costs and incomes with the aim of using the whole installed capacity at the end of the project. Following in Table 7 , it is shown the cash flow of the project, where the initial investment (31,2 million Dollars), the investment recovery period; the IRR and NPV are shown. Table 8 is a resume of such values. 
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Perspectives and conclusions
Ecuador is a very rich country in terms of biomass, produced by agricultural activities as well as biomass from natural forests. Nevertheless, this biomass is now misused and underestimated, because of the lack of mature technologies to take the best from it.
Ecuador has a high potential for the production of lignocellulosic ethanol, if we take a look of the amount of lignocellulosic waste materials that are being produced every year in crops such as bananas, palm oil, sugar cane, etc. Nevertheless it is to be understood that social and economic costumes are deeply rooted so it's going to be a big task changing the current uses of several waste materials. The case of empty fruit bunches is a typical example where it is possible to analyze the behaviors and preferences of the farmers and industry people.
It is necessary to establish rules and laws to regulate the raising biomass markets, moreover if the biomass is going to be transformed in valuable and useful products such as xylitol, ethanol, foods and renewable chemicals.
The technologies are being improved to get better yields and lower production costs. A demonstrative scale biorefinery has recently sat up in Ecuador at the Neotropical Center for the Biomass Research, under the Pontificia Universidad Catolica del Ecuador. This biorefinery was completely designed and constructed in Ecuador and is the very first in its genus in the country as well as one of the few in South America. 
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